This study was approved by the Institutional Animal Care and Use Committee complied with the guideline of IACUS on the care and use of animals for scientific 1 1 7 6 purposes. All the E. sinensis individuals in this study were collected from the Aquatic 1 1 8
Animal Germplasm Station of Shanghai Ocean University (Shanghai, China) . In this 1 1 9 study, potential precocious female E. sinensis individuals were firstly collected 1 2 0
according to the ratio of abdominal sternite length (B5-B5'/C5-C5') and then 1 2 1 confirmed by histology observation (Figure 1) . length were also recorded according to previous research [19] . Hepatopancreas index 1 2 7
(HSI), gonad index (GI), and ratio of abdominal sternite length were calculated 1 2 8
according to the following formula. Hepatopancreas index = (wet hepatopancreas weight/wet body weight) ×100% Ovary tissues from potential precocious E. sinensis individuals were fixed using After sequencing, raw sequencing reads were firstly trimmed using Trimmomatic [24]. Pearson correlation was calculated and plotted by corrplot package in R. reference transcriptome assembly (Table S1 ). In this study, three reference genes PCR system (Qiagen, German). A standard curve was firstly generated to assess 1 7 9
amplification accuracy, and primers with an amplification efficiency between 95% 1 8 0
and 105%, and Pearson correlation (R 2 ) >0.98 were chosen for following qRT-PCR Phenotype characters measurement and ovary histology observation
According to the ratio of abdominal sternite length and the histological observation with different ovary developmental stage were clearly identified. Group I, the ratio 1 9 8
was less than 0.7 and no clearly ovary tissue was discovered; Group II, the ratio was 1 9 9 ranged from 0.71-0.85, the ovary developmental stage was in major growth stage I;
Group III, the ratio was 0.86-1.0 and the ovary developmental stage was in major 2 0 1 growth stage II; Group IV, the ratio was greater than 1.0 and the ovary stage was 2 0 2 completely mature with clearly oocytes (Table 1, Figure 1B ). The hepatopancreas 2 0 3 index decreased from 10.45% to 5.40% and the gonad index increased from 0 to 7.59% 2 0 4 1 0 accompanied with the abdominal sternite length ratio increased from 0.70 to 1.00. Regarding ovary tissue, a total of 957 DEGs were identified among different groups 2 0 9
of precocious E. sinensis. Three clusters were defined based on the hierarchical 2 1 0
clustering results revealing different expression patterns in the ovary of precocious E. (LDLR-A), nose resistant to fluoxetine protein 6 (NRF-6) genes associated with (Figure 2A, 2B Cluster 2) . Genes enriched 2 2 7
in cluster 3 such as Delta (24) (NPC1) were involved in cholesterol metabolic process, steroid biosynthesis were 2 3 0 highly expressed in major growth stage I (Figure 2A, 2B, Cluster 3) . hormone activity and lipid catabolic process (Table S2 , Figure 3 ). Considering hepatopancreas tissue, a total of 806 DEGs were identified among in cluster 2 were associated with lipid metabolic process (Figure 2C, 2D Cluster 2) . process (Table S2 , Figure 3 ). For eyestalk tissue, a total of 1,081 DEGs were identified among different groups of 2 5 7 precocious eyestalks. Two clusters were defined based on the hierarchical clustering corticotropin-releasing factor-binding protein (CRHBP) in cluster 1 highly expressed 2 6 2 in sexual mature precocious eyestalk were associated with neuropeptide hormone 2 6 3 activity, fatty acid biosynthetic process (Figure 2E, 2F Cluster1, Figure 3) . Genes factor-binding protein-related protein 1 (IGFBP), platelet-derived growth factor 2 6 6 receptor alpha (PDGFRA), protein 60A (GBB) in cluster 2 were involved in chitin 2 6 7 metabolic process, growth factor activity (Figure 2E, 2F Cluster 2) . completely sexual mature precocious eyestalk were associated with neuropeptide 2 7 3 hormone activity, neuropeptide signaling pathway (Table S2 , Figure 3 ). Apolipophorin, VG, LDLR-A, SLC10A2) were upregulated in precocious 2 8 4 hepatopancreas than in normal sex mature hepatopancreas (Table S3 ). The correlation coefficient adjacency matrix indicated that DEGs in eyestalk Sexual precocity is a complex biological process with many genes/pathways involved 3 0 2 in specific organs to induce gonad early development [1, 5] . In this study, we utilized to be conducted to reveal the molecular mechanism. Our results also provided novel Hepatopancreas is an essential organ for energy storage and metabolism of 3 2 3 crustaceans, providing required energy for the growth and development [16, 27] . It is 3 2 4 also a site for the synthesis and metabolism of certain steroid hormones required by 3 2 5 crustaceans, which plays essential roles in vitellogenesis process [17, 28] . In this 3 2 6 study, DEGs associated with lipid metabolic process were upregulated in major metabolic in hepatopancreas, which may provide energy and steroid hormones for 3 3 0 early ovary development [29, 30] . Previous studies also pointed out that nutriment like sugar/lipid will be absorbed and index also supported that hepatopancreas may transfer required energy/lipid to ovary 3 4 1 (Figure 1) . Meanwhile, vitellogenin (VG) is the key factor component in in the vitelline membrane formation process. Our results confirmed the essential roles of hepatopancreas in regulating ovary 
